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ABSTRACT 


An attempt is made to study an unsteady MHD free convective flow with 
heat and mass transfer past a semi-infinite vertical porous plate immersed in 
a porous medium. Presence of viscous dissipation and chemical reaction are 
taken into account. It is assumed that the plate is moved with uniform 
velocity in the direction of fluid flow. Viscous dissipation term leads 
nonlinearity in the governing equations. Applying perturbation technique, the 
solutions for velocity, temperature and concentration are obtained. The effect 
of various parameters such as Rc, Gr, Gc, Sc etc. On velocity, temperature 
and concentration are shown through graphs. 
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NOMENCLATURE 


C* ` Species concentration (kg m ?) 


Specific heat at constant pressure (kg !K) 


C% Species concentration in the free stream (kg m ?) 
Cy | Species concentration at the surface (kg m ?) 

Dy | Chemical molecular diffusivity (m^s 1) 

g Acceleration due to gravity (ms ?) 

Gr Thermal Grashof number 

Gc | Mass Grashof number 

K Permeability parameter 


M Hartmann number 


Nu  Nusselt number 
Pr Prandtl number 


qu, Radiative heat flux 
Sh Sherwood number 


Sc Schmidt number 
T* Temperature (K) 


T, Fluid temperature at the surface (K) 
TI Fluid temperature in the free stream (K) 
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u Dimensionless velocity component (ms +) 


Greek symbols 

Coefficient of volume expansion for heat transfer (K~*) 
Coefficient of volume expansion for mass transfer (K^!) 
Dimensionless fluid temperature (K) 

Thermal conductivity (Wm7!K~*) 

Kinematic viscosity (m*s~*) 

Density (kom ?) 

Electrical conductivity 

Dimensionless species concentration (kgm *) 

Shearing stress (Nm ?) 


`~ 


a Co o CG sg x ao Co 


Subscripts 
w Conditions on the wall 
oo Free stream condition 


1. INTRODUCTION 

In recent years, the subject of magnetohydrodynamics has attracted the attention of many authors in 
view of its application to the problems in geophysics, astrophysics and many engineering and industrial 
applications, like cooling of metal in nuclear reactors and magnetic control of iron flow in steel 
industry, etc. [1-4]. The investigation of unsteady natural convective flow of viscous incompressible 
fluid past vertical bodies has also several engineering and technological applications. Gupta [5] studied 
transient free convection of an electrically conducting fluid from a vertical plate in the presence of magnetic 
field. Free convection effects on flow past an exponentially accelerated vertical plate was studied by Singh 
and Kumar [6]. Jha et al. [7] analyzed mass transfer effects on exponentially accelerated infinite vertical plate 
with constant heat flux and uniform mass diffusion. Recently Ahmmed et.al. [8] studied the unsteady MHD 
free convection and mass transfer flow past a vertical porous plate. 

Chemical reactions happen at a characteristic reaction rate at a given temperature and chemical 
concentration. Different chemical reactions ae used in combinations during chemical synthesis in order to 
find a desired product. In biochemistry, a consecutive series of chemical reactions form metabolic path ways. 
The order of chemical reaction is defined as the sum of the powers of the concentration of the reactants in the 
rate equation of that particular chemical reaction. A first order reaction is the one in which the rate is 
proportional to concentration of a single reactant. In the present paper, first order reaction is taken into 
acount. Moreover, coupled heat and mass transfer problems in the presence of chemical reaction are of 
importance in many processes such as drying, distribution of temperature and moisture over agricultural 
fields and groves of fruit trees, damage of crops due to freezing, evaporation at the surface of a water body 
and energy transfer in a wet cooling tower, and flow in a desert cooler. Chamkha and Aly [9] obtained 
numerical solution of steady boundary-layer stagnation point flow of a polar fluid toward a stretching surface 
embedded in porous media in the presence of the effects of Soret and Dufour numbers and first-order 
homogeneous chemical reaction. Aurangzaib et al. [10] investigated the effect of thermal stratification and 
chemical reaction on free convection boundary layer MHD flow with heat and mass transfer of an electrically 
conducting fluid over time dependent stretching sheet. Abd El-Aziz [11] obtained numerical results to study 
the effect of time dependent chemical reaction on stagnation point flow and heat transfer of nanofluid over a 
stretching sheet. Pal and Mandal [12, 13] investigated the mixed convection boundary layer flow of 
nanofluids at a stagnationpoint over a permeable stretching/shrinking sheet subject to thermal radiation, heat 
source/sink, viscous dissipation and chemical reaction using numerical method. 

In the physical realm, many irriversible processes are present. Some exmples are heat flow through 
a thermal resistance, fluid flow through a flow resistance, chemical reactions etc.. The irreversible process by 
means of which the work done by a fluid on adjacent layers due to the action of shear forces is transformed 
into heat is defined as viscous dissipation. It can be seen in many places such as in hydraulic engineering, 
waves or oscillations etc. viscous dissipation has different applications in various industries. Significant 
temperature rises are observed in polymer processing flows such as injection molding or extrusion at high 
rates. Aerodynamic heating in the thin boundary layer around high speed aircraft raises the temperature of the 
skin. A number of authors have considered viscous heating effects on Newtonian flows. Mahajan et al. [14] 
reported the influence of viscous heating dissipation effects in natural convective flows, showing that the heat 
transfer rates are reduced by an increase in the dissipation parameter. Isreal Cookey et al. [15] investigated 
the influence of viscous dissipation and radiation on unsteady MHD free convection flow past an infinite 
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heated vertical plate in a porous medium with time dependent suction. Zueco [16] used network simulation 
method (NSM) to study the effects of viscous dissipation and radiation on unsteady MHD free convection 
flow past a vertical porous plate. Suneetha et al. [17] have analyzed the thermal radiation effects on 
hydromagnetic free convection flow past an impulsively started vertical plate with variable surface 
temperature and concentration by taking into account of the heat due to viscous dissipation. Recently 
Suneetha et al. [18] studied the effects of thermal radiation on the natural conductive heat and mass transfer 
of a viscous incompressible gray absorbing-emitting fluid flowing past an impulsively started moving 
vertical plate with viscous dissipation. Very recently, Hiteesh [19] studied the boundary layer steady flow 
and heat transfer of a viscous incompressible fluid due to a stretching plate with viscous dissipation effect in 
the presence of a transverse magnetic field. 

Due to above significant role, it is the purpose of this paper to examine the effect of viscous 
dissipation and chemical reaction on the MHD flow of a viscous incompressible fluid past a semi-infinite 
vertical plate. This flow problem was previously studied by Ahmmed et.al [8] in the absence of these 
two parameters. 


2. MATHEMATICHAL FORMULATION 

A two dimensional unsteady flow of a laminar and incompressible fluid past a semi-in finite vertical 
moving plate embedded in a uniform porous medium is considered. Fluid is assumed to be viscous and 
electrically conducting. A uniform transverse magnetic field Bo is applied in the presence of pressure 
gradient. Thermal diffusion and thermal radiation are also considered to be present. In the given system x’ 
axis is taken along the plate and y' axis normal to it. No voltage is applied to the system and induced 
magnetic field is negligible. Since we assume a semi-infinite plate surface, the flow variables are the 
functions of y’and t’ only. Then under the above assumption the unsteady flow with usual Boussinesq's 
approximation is governed by the following equations. 








dv! 

ay T O d) 
du’ , ou’ ap’ 07u' 

gro e du epp ud (2) 

er , ,80T' k PT Sein — Qo. au’\* 

EI TY ay’ pCp ESCH me e eCp (T — TZ )+ Re 2,7) (3) 

Se A 99 — 5, a L5 a N T, N 


Boundary conditions for the velocity, temperature and concentration fields are given as follows 


u'—u, , T'=Tw tE (Ty, — T5)e^* , C'-Ct4-€ (Gt, — Co) 


aty'— 0 (5) 
ur LARC") v" ag Coe, 
u ot STE -» gu at y’= oo (6) 
Now, v' — -vo(1*€ Ae? t) (7) 
in free stream, we have 
dU; _ 8p’ 
Pap ag — Pog — jz Us — OB, 
oP. She 4 Moyer 2rr! 
ex P av t Pog + k’ Us + oBoU.. (8) 


Eliminating T using (2) and (8), we obtain 
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= Ss — p)g- T -— zar — u') + oB (UL — u’) (9) 
By using the equation state, we obtain 
(Poo — p) = BCT’ — Teo) + B(C' — Coo) (10) 
The (9) becomes 
du, Ou dU, d-u i 
(e tay) = ee carr nn — (UL, — u’) + oB (U — u’) 
du’ , 9u' _ de ` st T ' 
Atv a EE er — TZ) + gp (C - Ca) +5 (UE ur 
Stu ar? 
(11) 
The radioactive heat flux term by using the Roseland approximation is given by 
4o! ðr” 
qr —— 1 (12) 


3k] Oy! 


T'^ may be expressed as a linear combination of the temperature. 
This is accomplished by expanding in a Tayler series about Tc; and neglecting higher order terms. 


T^ = ATI — 3T (13) 


by using (12) and (13)into (3) becomes 














IT aT! 2 k XT | 160'T rn. Q L (T Ty) +- : dE) 
ot dy’ pCp di" 3pcpk] ay" pCp D dy’ 


(14) 
To get the solution of (1) to (4) with boundary conditions (5) and (6), the following non dimensional 
parameters are used. 


u=wuUo,v’ = Wo,T’ = T4, tO: — To), C = CS + 9 (C, — Gel Us = UV, 














Kv? vgB' (Cy, — Cz, vgB (Ty — To Rc'v 
=U Up, K' =—>,y' =", Gc = vaf Cw- Co) e vaP, — Te) o —, 
Vo Vo V, Us Va Uo Vo 
vpCp oB Qov B 40T% W aw oe nVo? _ Dr(Tw-To) 
Pr K M= SO — PoC rR KiK SC Dy’ O n?’ v „$0 = v(c,- C5) 
Us 
Ec= rT) (15) 
Using the dimensionless parameters in (11), (14), and (4), we get 
du ðu du 
ac t Vay = Het GTO * Gop + N(U,, — At (16) 
80 , 20 1 4 Nd ðu)? 
St v S ARIS 00 + Ee à; (17) 
de ELE 
e Be BS + Sor; Reg . (18) 
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u-U,0-1-ce'*,0820,9 —1- ee“ aty 0 
u > U» = 1+ ee™,0 50,09 > 0asy = oo (19) 


Perturbation method is used to solve (16), (17) and (18). The following forms are considered. 


u(y, t) = ugCy) + ee"*u, (y) + O(e?) 
(y, t) = Oo(y) + ee"*6,(y) + O(e?) 


p(y, t) = Po) + cee™ p(y) + O(e?) 
From (16), (17), and (18), we obtained 


ug + uo — Nuo = —N — GrO9—Gc@o . 


(20) 
uy +ui— (N + n)u = —N — Aug — Grd, — Gco (21) 
(3 + AR --3Pr04 — 3PrQ@, = —3PrEcuj . (22) 
(3 + Aber + 3Pr61 — 3(n + Q)Pr6, = —3APr6/, — 6EcPruju| . 23) 
Po + Sch — Rc$cgg = —SoSc0, . (24) 
91 + Sco; — (Rc + n)$cg, = —SoSc0, — ASC . (25) 
Corresponding boundary conditions are 
Uoo = Up, Ups = 90,800 = 1,901 = 1, Poo = 1,901 = 1 as y=0 
Vue = Up, Uyy = 0.849 = 1,011 = 1, 910 = 191 =1 
uoo > 1, uo1 > 1,900 > 9,991 > 0, Poo > 9,901 > O as y> oo 
uio > 1, u11 > 1, 810 > 0,8011 5 0, P10 > 0,911 > 0 (26) 


Second Perturbation technique is used to solve (20), (21), (22), (23), (24), and (25). The following 


forms are considered 


uo(y, t) = uoo (y) + Ecugi y) + O(Ec?) 
u4 Cy, t) = u4o y) + Ecu, (y) + OCEc?) 
8o y, t) = 699) + Ec6o1 Cy) + O(Ec?) 
0, Cy, t) = 619 y) + Ec, (y) + O(Ec?) 
Qo, t) = Pooly) + Eco) + O(Ec?) 


Pı, t) = P100) + Eco) + O(Ec?) 


From (20), (21),(22),(23),(24) and (25), we obtained 


Ugo + Uoo — Nuoo = —N — Grëng — GCQoo (27) 
ug, + ug, — Nug, = —N — Gro; — GcQo, . (28) 
uio + uio — (N + n)uio = —N — Augg — Gr049 — GcQ9 . (29) 
uj, + uj UN + n)u, = —N — Aug, — Gr0,, — GC O11 (30) 
(3 + 4R)89, + 3Pr85s — 3PrQ8o9 = 0 (31) 
(3 + 4R)0j, + 3Pr8;, — 3PrQ09, = —3Pruto (32) 


(3 + 4R)8j$ + 3Pr8io — 3Pr(Q + n)8,9 = —3APr 8go (33) 
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(3 + 4R)6;, + 3Pr6;j, — 3(Q + n)Pré,, = —3APr609, — 6Prugouio (34) 
Qoo + ScPoo — RCSC P00 = —SoScÓQo (35) 
Qo, + 5c99, — RcScQo, = —SoSc0,, (36) 
Pio + ScQ9jg — (Rc + n)Scqo,9 = —SoSc0j1$ — AScPoo (37) 
911 + Sci — (Rc + n)Scq,, = —SoSc0j, — AScqQo, (38) 


Solving (31) and (33), we obtained 


Ban = eme , (39) 


010 = c,e™2" T Gesi a (40) 
Solving (35) and (37), we obtained 


Qoo = B4e"sY + B,emey | (41) 


Pio = B3e""* + B,e "Y + Beie + C, e" + Gef (42) 


Solving (27) and (32), we obtained 
Ugo = 1 + Ae" + A5 ee + Aze™ + A emioy (43) 


09, = E,e?"Y + Ene?" + p, g?mz» + Eemer 4 E gna tme)y + E e(matmio)y A 
E;e?"2Y + p, emo tmv + ppm; tmv 4 p getm) + p, e™2Y (44) 


Solving (36) and (28), we obtained 


Por = Cse? + C,e?m«eY + C, ema tmoy + Coe? + Co e?mioY + Cpe OM tMe)Y + 
C,,0?z» + Cyae mtm + Cize n2 *mo)y + C, e miotmoey + C, c emazY + Cjge™Y (45) 
ug, = 1 + A56 ?""zY + A456? Tei + A, gems tmo)y + A, e2mzy + AP, e2mioy + 

A age tme + A,,e7™ +A age e ae +A $4,009 00800 +A 5,007010 * my db 
Azge™2” + Ange?” + Age?" + Azye0™*™)¥ + Anne?) + Assg TH + 

Agge elef + Asse? + A, pmo Tel? + A, gm; Tel + Agge ag Tel? + 
Agge7:2 + Agoe™4¥+Ag,e™ey (46) 


Solving (29) and (34), we obtained 


uio = 1+ Agoe™2 + A436 ey + Agge ™Y + Ag5e™oYy + Agge 2Y + Age «Y + 
A450 "s T Age” + Asge "2 + Age" e + As e248» e (47) 


0,, = Agze?""z* + Az, e "Die + Az ema tmo» + A. p2may + Ac g(motmo)y + Ac  eg2may + 
Asge Una tme)» + A gg matme)y + Ac og (miotmoy + Ac, el™otme)y + Ac, emzoy + 
E,,e7" + E,, e ne*m2)y + p, g2may + p, g(mriotma)y + p, e2mzy + p, pma tma)y A 

E, e Uns *m3)y + Bee ef + E,9e?"2* db E59 e ns tmo) d Ej, e ne tmay 4. E55 e Uns tmoy 4. 
E,4e ms *tm9y + E-elmetmeli + p, e(metmio)y + E elmatme)y + Be (matme)y + 
Ege "s * my + p, pm; my + p, pmi tmv + p, g2may + pg, gm; tmg)y + Boe? 4 
E440 Uns * mo)» + p, e2mzy + p, e(miotmz)y + p, o2mzy + p, g(matma)y A 

E496 Una tmo)» + p, ge? "2X + E4402 mz» + E, e(ma*tmo)y + p, ema tmis)y + 

E440 Uns * mio) + p, eme tmio)y + p, o (miotmy + Ee" mei + Fie ™otma)y 4 
E,ge™otms)y + E-gg me*mio)y + E. ,g(miotma)y + E. g(miotma)y + E. g(miotmo)y + 

E; ge Miotmas)y . (48) 
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Solving (30) and (38), we obtained 


P11 = Care?" + C,ge? "Y + C, e na "elt + C, e?may + Cze ™atmMe)Y + C, e2mzy + 
Coze rat ™m0)Y 4. C, gna tme)y + C, o (me*mio)y + Cegfmaf + C, e maoY + Crge?™Y + 
Coge Uns *my + Co e?may + C, e nstmioy + C, e2may + C4, e natmy + 

C340 sel? + Case" af + Coeg Daf + C, gm; tmgy + C. gm Tel? + C. e (mo tmey 4 
Cape U72* me» + c, e matmoe)y + Ce (metmioy A (C, ema tmoy A C. e(metmoy 4 

Cas e Une felt + C, Lenz tmv + Caze mztmy + Cs e2meY C. imo«mgyy + Cope?” + 
C,,e 2 *mo» T 0,6299» A Ce n2*mioy T Cg,e? m» + CL oUm + 

Cage Una * moy + C, e2may + Coge?™Y + C, ena tmy + Coge(matmis)y + 

Cg,e rtmo) d- Cg; e Une * moy "s Cg, e 02* moy + (Luo + Cpa M2 t™20)¥ + Cee 
ena *mioly 4 Be e me*tmio)y 4 C cge Una tmio)y r1 Cege ms tmio)y + C3 elmetmio)y A 

Cze ™0t MY + C7, e2mzy + Cj, eme + C,, ems *tméy + C, e2mzy + C, e2mioY + C7, 
ele felt A. C g?may + Coq g(metmioy 4 Cen el Titel? + C. e(metmio)y + C, emay + 
Cg3e 7:49» + Coge™2> | (49) 


Uy, —1+ Case? nz» + Cage? e» t Ca; e(matme)y d Case ? "ay + Cgo e?mioY + 
Cope is melt + C, g2may + C, ema tmioy + Ce ele Tel + Cou g(metmioy + 

Cog €72Y + Cy, my + Go e T + Cog elmatme)y + Cog ef + Cigg mY + 

Ba emt my + Ges €22 + Ces e(m.tme)y + Cs oge 02 tme» das e me*tmio)y + 


Cio &":2" + C,o7e "14" + Cyoge™© + C, 95 e?72Y + C1, 5 7e" + Dun else + C, 
e?may + C413 e(mtm)y + C414 e?may + Ciis eg mna tmio)y + Cii6 e(matme)y + 

Cypre Metmao)Y + C,,g eeh + C, ge zoY + Cyzge?™aY + Gan elmeimelt + Gas e?mey + 
Cipa 00 moy F3 Cae 4- Cinge tay + Dag eg Unztmis)y A on e2may A 
Cy2ge2™ + C125 e ma*tmjy A - e ma*tme)y A Bag ema tmjy + Casel Tel? + 
Cy33€ 02 * m» ik C,34e 710 * me» + Caeg ms * my den emat mj)y + Ge 47e Uns Tel + 
C,55e 02 m9» + Cy39eOM2*™)Y + Cigo ee + Cogge tme + C, e2may + 

C,436 003 tel + Cige? ™Y + C445 6 702 *mioy + C4146,07 2 + Cygze 009 * m» + 

T Oty + Cue + Geng" H + Cag + Cus eU ay + 

Cysge tmo + Cus eUnstmio)y A Cis e Uns tmio)y A Cigi ma db C,5; 0703 melt d 
Cisge nt mio + Cisge Une tmo + C, oe tmo» + Cigge Cra t™moy + C, 55e met moy 4 
Cigge CMe a9)» + C164 e? nay + Cigg Diet + Lee enztm)y + Cis; e Ah + 

Be ege Tel? + use m + oi e(matmioly + C, ,e tmo» gë Comet d 
C,75e712Y + Daa 70% + Das e2moY + Cyg e matmdy + Gase? + Cyzgq (Mat MOY + 
Ge 67999 + Cigg eet 4 Genee ëch + C. og? PAY + Cogge™™” + Ciga 

e mna*tmjy 4 Bag e matmg)y + C,gge ms *me» +G ge n tmey E, Cigge tme» A 

lbs ge Uniotm)y + C,996 02 Tel? tC, 9, entm» tC, sg? e net my TC, oze ns tme ab 
C,s4 sim; smoy + Dseg "Tei + C, gg pne ma)y + C, o2maY + C up Une tmay + C S, p2may + 
Cogge 0:9 *may + C291e 72» T C492 e Un mal + Cope metma)y + Cogge? ™Y + 

C; go ey t C; og e matey tC; o; e Ust may d Copge etmay T C; oo e Veirel + 
Cuaglmetmebt + C, e?mioy + C,,, emio*tmay 4. C, e(miotmay + C,  gmiotmoy A 

C456 710 *m3» + C, e Urio tma A C, pmo tm + C, ge0M0F™M9)¥ + Ce e2m + 
(oam uu. pe Cnatme)y + C555 67 2Y. + Craze? ™Y + C5, í,eUn2*me)y + Cons ptm? + 
C254 ena tmioy + C, gna tm)y + C. genio tmey + C, p mizy + C, gemis + 
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ug(y, t) = Ugg + Ec ug, 


= 1 Aye™ + Aze™ + Aze™ + A, 07:0 + Ec(1 + Ayge?™ + Ag e?mey + 
Ange U?2*me)y + A, e2mzy + Az, p2mioY + A, pra tme)y + Ai ,e2™Y + A, g(matmio)y + 
Ass e Uns el? + A, eg miotme)y + A, gmuzY + Ange? + A; o e?meY + Az pma tmo)y + 
A326 ?3Y + A4, e 2a + A, ,p(matme)y + A, g2may + A, e(matme)y + A.  g(matmo)y 4 
Agge ot moy + Azge”™2" + Age” + 
Age™*) (51) 


u(y, t)= wio + Ec uii 


=1 + A,,0"2Y + Agze™Y + A,, e "27 + Agge pi + Ac e2Y + Agre + 
A490 "9 + Agge”™” + Asoe™?? + Az ee + Ac, e729Y + Ec(1 + Case "Tel + Ct e?meY + 
Cg; ele Titel? + C, ae? 2Y + Coq e "nef + Cu gna tmioy + C, g2may + CGoetimsfmel A 
C35 elmeimel? + C, eÜnetmioy + Cog g2mizy + Cog e?mzY + Coz e? mey + 
Cog e ^3 * m» + Cog 072 + C, 99e? 2 + Cio eom) + Cio. e272” + 
C,93 OM fiel? + Chaaglfmel? + Ces eUnetmuoy + Cioe C2” + Cig7e™ + 
C,oge 19" + C499 6772 + C,, 5e? e + C,,, COMFY + Cy yo e?mey + C,,, elMatmely + 
C414 O22" + Cigs CMT MOY + Cigg elmetmelt + C,,, e metmioy + C,,,4 emazy + 
C,19e729Y + C,55 0272 Can ena tme)y + Ca eeh + C, ema tmio)y 4. C, e2mzy + 
Cyose ns tm)y + C4 eUnztmudy + Gas e?may + C S ge?mzy + Das e metmey + 
aen gna *tme)y + Cui ens me lp + Cy32€ 2 Tel? es C,5,e 2s) ¥ a Cyzge Oot me» + 
C,55 e tY + Cog em tme + Ciga TY + Cge ht + Cge tm A 
Cigo €?Y LCagtmsimel?t + Cjgze?™aY + Casglmsimel?f + C, e2 moy + 
Cygge Ort 30)» + C, te? + C,,; 0 002 tm + C, ge 2*9) + Caeg "Daf + 
Geng 72 + C,,, e tmy + c, p matmis)y + (C. g(matmioy + Cen g(metmioy A 
Cisg entm + C, te?mioy + C,,, e ma tmio)y + C, ema tmioy + C Lue ne tmio)y + 
Geng 72 * i» + Cep e tmo + C, gne Tel + Cege istmo) + Gen eraf + 
eg Zeit + Cigg COTM + C, e2mey + C, e m2 *tme» + Ces e2may + 
Co eUna*mio)y + C, 4 e natmoey + Cypre metmioy + C, 4, emuzy + C424 emaoY + 
Copt T Ce eiisimelf + Cy E FE eUna tuo 4. C, e2 may + 
Cen e n3 *m» + C,5 ens tmo + C,,,6272Y + Geseimeh + Ga ena tmv + 
Cigs eno tmo)» + C,, ema tme) + C, emat me + C, oe n2 tme) + C, aue mio tmo + 
Cage 72 * m9» + C,,, e TH + C, e(metmoey + Geseis felt A Cigs (ma moy + 
Cesg "pe? + Co, ene tma + Gezei + C gue me tma)y + CS e?mzy + 
Copp e 77:9 * n3» + Cop 0722” + C, 9, ons ma)y + (c, ene t may + Cope? + 
Copse22Y + C, ose Uns tme» tC, o; ens tmas)y + Coo ge motma)y +C, oge Unio tmey "1 
C;,oe 19 * 3 A Gang Tei + C, S e Pate + Cga atn + Coy ge Mot Me)Y + 
i se Unio tma)y t C4 ge motma)y tC, 17e 010 Tel? + C3 ge Uo tmis)y +c. e2Msy A 
C2596 7€ + C,, ena tme)y + (C, p2may + C, p? mioY + Cogge Una *tmo)y + Cas p2 may + 
iss elmatmo)Y + Ces Tel + c, e Unriotmoy A C5,9e 7:2 + C, 9e 729 + 
C;3,e7:2 + C555e? Y + Gass ) . (52) 


=e™y + Ec(E, e?» + E;e?"«Y + E,e?may + E, e2mioY + E,enztme)y $ 
Ege matmio)y + p, g2may + E, g(matmio)y + gog(mztme)y 4 Eyge(™s*™20)¥ E, emazy) (53) 
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6,(y, t) — 010 + Ec 014 


= Cye™” + C, e"« + Ec (Acz e? 2 + Az, e?meY + Agge MIMo + Aeeg ah + 
Agge Uo tm)» + Ae e "TSN + Agge tM 4 Ac pma Tel? 4 A e(miotme)y + 
Ag, e U1o*mo» + Agne™oY + E,,e7"" + Eze 07s *ma)y db Bag + E,,eCmotma)y d 
Bee" Hait T E ge s * my t E,;e n9 * m)» Lë Bee" af + Bag" af + En ,e"2t™e)y + 
E, ene *tm3)y + E, ,e(matime)y + E. aUa Nr Ab E,,e na tme» $ E, ee mal + 
E ge 0"2tme)y d E,;e n4 *mjy d Egeter D Eaglms tel + E49 e mts)» + 
Ejam? + E45 e Un2*me)y + E33e77"" + E440 Un2*me)y t nd t E45 e 0:0 *mz)y + 
d geg + E,,eM2t™s)y + E,,¢72t™e)y + pete + d geg + E,,e0matme)y + 
E,,e0™=t™8)¥ + E440 072 *t™20)¥ A Ese met io)» Ji Ege 0710 *m3)y + E,7e77™0Y 4- 
Ege 19 * may + Ege 10 Tel? T Ege "st ™10)¥ + Eg4eUn19*m3)y + Es, e 1o *m3)y + 


E54e 1o*mo)y A Eze miotmas)y) . (54) 
Qo y, t) = Poo + Ec 9oi 


besi + B, e""« +Ec(Cse7""" + Cee?" + Crem tmel¥ + C eme + 
Cge?mioY + C, gena tmoe)y + C,, e2mzy + C, e(matmioy + C,, e(matmoy + 
Cyge 7:0*me»y + C,5e7:2 + Cige"™2”) (55) 


q1(y, t) = P10 + Ec 911 


= Beie? + B, e"zY + Bz ere + C3e™ + C, emay + Ec(C,;e? mz» t 

Cige? "Y + C,4 ems tmo)y + C, o e2may + C, ena tmoy + C, e2mzy + C, gnztmiody + 
Crge mna *tmoy + C, e metmioy + C, p mizy + C, emaoY + Coge2™ + C49e mnt moy + 
C496 772 + C, ens OY + C, g2mzy + C, g(matma)y 4. C, e(matme)y + (c. g2mzy 4 
C456? Daf + C,,e mni Tel t C, ge Una * me)» tC, ge Un tme)» + C 49e U72* me)» + 
C4, e 72 *me» d C45 e et Moy d Caze mns tel? A Cage 08 *m)y £ Case Une Tel TS 
Cage 772 * moy + Cy, eM tme» + (C. g2mey + Caos (moe may + Csoe?™?Y + C, ens tmo A 
C556 ?"2* + C, 4 e mna tmo)» + C. o2 mz» + CL cens tma)» + Coge Mtm) + C. e2mz;y + 
Csge 772 + C, ema tme)y + C, pna tmas)y A C. g(matmio)y + C g(metmioy 4 
Cze na *mio)y + Cg 4e 710 A Cegkmsfmelt + Cee e Una*mio)y + Ce; e nstmio)y + 
Cege Ua mio + C og ma mio)» + Ca eme tmi» A C, g(motmioy + (C, o2mzy A 
Geer ins e(matme)y 4 (Uu tC; ge Tal tC; eg Unatme)y + Cot m + 

Coq ena tmio)y + Cen ena*tmy + Cy, emetmio)y + CS, e may + Cgze™rY + 
Cg 40722" L (56) 


3. RESULTS AND DISCUSSION 

To discuss the physical significance of various parameters involved in the results, the numerical 
calculations have been carried out. The effects of the various parameters entering in the governing equations 
on the velocity, temperature and concentration are shown through graphs. 

Figure 1 shows velocity profiles are depicted for various values of solutal Grashoff number Gc 
which is defined by the ratio of the species buoyancy force to viscous hydrodynamic force. It is noticed that 
when buoyancy force dominates viscous hydrodynamic force, velocity increases. Velocity profiles increases 
to a peak value near the plate then decreases. It can be said that velocity profiles converge pointwise. 
Figure 2 shows the influence of chemical reaction parameter on the velocity field. Increase in Rc results 
increament in velocity. Figure 3 shows velocity profiles are depicted against y for various values of Prandtl 
number Pr. It shows oscillatory effect. At the vicinity of the plate velocity increases with incresing values of 
Pr. But at certain values of y profiles intersect then leads opposite effect. In Figure 4, it 1s noticed that 
increasing values of Gr enhance the velocity. Figure 5 shows the oscillatory values of velocity. When Q 
increases velocity increases at first then decreases. Figure 6 shows concentration profiles are depicted for 
different values of Rc. It can be easily said that concentration decreases with increase in Rc. Figure 7 and 
Figure 8 show concentration is influenced equally by Sc and So respectively. Concentration increases with 
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increasing values of these parameters near the plate. After certain value of y, concentration decreases when 
these parameters increase. Figure 9 shows temperature profiles are drawn against y for different values of Pr. 
It shows that values of Pr are directly proportional to temperature. In Figure 10 and Figure 11, it is noticed 
that temperature decreases with increasing values of R and Q. 
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Figure 1. Velocity profiles for different values of Gc Figure 2. Velocity profiles for different values of Rc 
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4. CONCLUSION 

Here unsteady MHD free convection flow with viscous dissipation and chemical reaction was 
studied. Due to addition of viscous dissipation, we find a non linearity in our energy equation. So we use 
Perturbation technique two times to solve the whole system. The different results are discussed through 
graphs. To precise the paper, the index was not included here. Finally some conclusions are drawn as 
follows: The parameters Gc, Gr and Rc enhance the velocity; Concentration decreases by the increament of 
chemical reaction parameter; The enhancing values of parameters R and Q result a decrease in temperature. 
But Pr shows reverse effect on temperature; In case of velocity Pr and Q show the oscillatory effect.; 
similarly Sc and So shows oscillatory effect in case of concentration. 
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